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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a magnetic sensor which 
can realize MR ratio of at least 30%. 

SOLUTION: This magnetic sensor has a ferromagnetic tunnel 
junction unit which includes a first ferromagnetic metal layer and 
a second ferromagnetic metal layer formed thereon through an 
insulating barrier layer. At least either of the first and second 
metal layers is formed of a CoFe alloy containing Fe at a 
composition ratio of 25 to 51 at.%. 
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6±U, h ^-r -/t^tcN i F e S-KJ¥l 7. InrnT 
fiSll^Lx $ P>lCii^LTC o F e . SnmT-JiS; 

-So -<?5^WSg2 0I±. A 1 ^Km. 3nmT-fiS; 
M L ^^f^tw-e^O^B* 7'9 X-v®'fb1--5 i i: J: o T3g 

[0 0 4 4] A 1 07'5Xv®git-6*|?.TL;tf^. Bf^-^ 
y^fi^^X^X. ±g|5mii3 0 ^^K1-'5> 
2 6-2 9<O^K4-^f do i<O^Kli, CoFziWLW- 
3. 3 nm-C, N i Fe-SrJK)¥l 7. 1 n m-C. -€-LT 
F eMn4-Kl?4 5 nmf, -en-F^t^KlK LTlf 9 o $ 20 
^l-^ltr, 3|g^$n/;±gBmS3 0O±SB(cJ1JP8 n 

L7t«gg?rlll 1 3 (B) IC^-fo 

[0 0 4 5] _h|20J:d tcL-C{t§!!L;tJ^V3-^^Se 

<^fiBi^-fe>-9— ncmttfes-l^or 3. 0 v<7)igEE4reniin 

-f-St. h >^;l'3g'g-#ttlcJDt>'&^EIi0. 

' 5 0Vi:4»), JSS^ffiet^'lk* (MRifc) <i30%i:*: 

[0 0 4 6] 30 

^'i'T'tRlCN i F e 4-)^I¥2 4 nmX:K/^-y ^WlW^L-. 
St,tc5iaLTCoFe=^^Jf:i 0 n mf^^/N* •;' 
Ufco :$:«f||-CI4, C o F e ^lciJlt-2> F e oS.^itC0#J 
-^^fi^ffi^-STt*, mTlcgll 4 «:#fiSLTgi?g-f * J: 
0 IC. F e (DfflfiKJt*- 1 2 ~ 5 7 a t %(0f&HT-v«;5, 
^.IC'i^llLs S/c. Jt®<Ofcii). F e«aJ5S;Jt**0 a t 40 
%Xibi>. -t^Jiti*). Co<0^i)^h^j:^^ii^^\^fzo 
y^^^y i'WLm'^\t. ;^ y^^ON i F e^coft^:^ 
[6] tCfigJ^ =Jr eniJD L /Co CI <0 J: 0 LXMWL ^ixfz2mm 

tc?ia^k**iltei- -& * -5 o 

[0 0 4 7] '>:v»f, v;^i:'*2SJ$L/wf^, A 1 S-IKJP 
1. 6 nmT;^/<> ^'^jjgL, $ ^> 
X^SS-fbt^To/io A 1 <07'7X-7^fb^*^TL/wm. 
ffyf-r>^^«:3S5ftLT, :5fetw?g* L/cffiSttS IcE^-f 

?S««:en*DL=Sr74*^>, ^<0I® i: iBlfiltC C o F so 
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e ^'ICiJlt-S.F e <75M)ait«:^lw1-SC 0 F e «■> Xh 

I rMn«:13^JP5 0 nmr;^>'<-;'^^ffiiLfco $ 
<blC, I rMnMO±lC, mm^mtX^X. A 1 
If 1 0 nmX7./-iy f^^LfZo v'Jn>S:lS 
S:JD|^:Kp{wA*1.T, *^«g*|tfC2 2 5 "C-C^^aair^r 

[0 0 4 8] SI 4Ji, ±fEOJ: 0 IcLTitSSL/:;^^ 
> /N-;v y^^ii 4- :fr ® ^-t > •9- - cOJS^StitSEfb* 

(MRifc) 4-F e&fiEitx (C o F ex <0F e OffiJiS 
Jt. a t %) OKHSt LT^n-y f L/cfeOT^So HI 
^or7 7:5>^31fi?$ft^, J: o IC, CoFex?&1£fflL 

teLTMl^lCrfe-r-^So F ea^Jtx*«2 6 ~ 5 

7 a t %OSIHT-*-6 t 3 0%m±<Offi*trA»«r 

x*»2 6 a t ^tc4 2 %i: v^-j S^tcflEn/c 

M R Jt * M^-r -5 i i: § -5 o 

[0 0 4 9] ?I§Mv»r, C o F ex OF e <Offl.fiEJt^• 
^ tc * V» v» % ^ > <;V rfllJg S" ^-f -6 iS^-fe > 

-9— tcov>T. m^iSi^ge-fb^ (MRit) t6nJDia*& 

(Oe) tOP#4rjS!l^L/wti^, Ell 5-1112 OtC 
yn y b -r* J: -5 *?K^ffitn;^*ttia*»»t>n/Co - w 
f , HI 5 OF e Offl^KJtJi 2 6 a t HI & <D^fl 
l± 3 1 a t %. 11 1 7 (0-iiX\i 3 5 a t %, El 1 8 <r>^ 
fUtA 0 a t %, mi 9<0^iUi5 1 a t %x -fLTSI 
2 OO-5-iHi 5 7 a t %-C*)So 

[0050] HI 5 -112 0O«S^Stn;5S*ft«a*>'?># 
X = 2 6~ 4 0 a t %OC o F ex Sr-ISfflU 

;v4'*Lrv»^3i« (HI 5~H1 8 S-#SB$n/:v») , 
F e (Dm.WLiti>^^m-ti>\Z':>fixm~n.M^^±LX\i> 
Z>c x = 5 1 a t %OC o F ei ^■ffifflL/ca 

-a- (H 1 9) Siy'x = 57a t%cDCoFex L 
/rJ^-g- (H2 0) . enSD^***0 O e#i5{Ci3V>T?g<0 
aix**MSt:-*-6o iOi -5 L< «:v^|g^{±. e 

rMnJS**trv KS-CabiCoFexiSO 

a'fb:^i«]«-+^i-@^i--& i i:**-!?^ t:v»i:v»/cft UI6 
[0 0 5 11 t/w, ?S^k:JJ|6jo:T=+^*r@^OJiai t 

iiTiV^iii-^'?- e> K^com<b:^(6]Sr@^l--i):tj*« 

5m2>o ii-e, e V KJfi: LrC o F ex JSSrffifflL 

fzi&'^iZ. CoF ezm'P<r>F e Offl^it x 75*5 1 a t 
% L < li-?-nJil.±-C<i, C o F ex ®<O^SB^H«iSli b 
c c«^g7J«3:Sefit>^::**OX^^ CoF ex^<o±\z&m 
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[0 0 5 2] ^hK. -m^izi^^x. m^mcom^is. 

L T v> 4 l"^;!' t:: 3i L T v> 4 v» t v> -9 Fp^S * li * 2) 

■f * 6SlSi-t V =Sr ^^-r * H S o r (i, C o F e I 
COF e (Om^itlt 2 6 a t %Jil±, Slat %5l=jS|cOf| 

[0 0 5 4] 2. >^;vS-g-*fi:*** 
[0 0 5 5] 

If, < t 3 0 (MRJt) Sr* 

[Il®(0»^^|ji9l] 

[01] ^i^(omi&iSLV>^i^^^imx.tzm^-^>-^ 

[Ei2l lll<7?JS^-t:>'-9--<7)m^®J)L^'ft:^ (MR 
Jt) iWMH (Oe) coB9^i: trrn hL/cSSK 
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I!114] I2]3CDffi^-t>-9— <05*fiS14h>^;VS'&«^ 
[lasl l213 0?S^-fc>-9— OSSdt¥IIBS-JlISri6o-C^ 
me] :*:|&?gicJ:-i>5tjS1«t}- ;'^;vS^'&1»3i=Srfilx.;t 

[117] ^^^mizx^. Nm<o^^^}'>^)x^m'^mM 
[[19] ^^mizx^m%'ir>'^-i:m?Ltzmfs.^-/ V 

[HI 0] :*:^?^tcJ:-5, 11 9 <DfiS^-t ;'-9— 

[HI 1] HI OcD«S^T'-f^^^a©rtgp«it*fJiW 

lEll 2] *fl?atcJ:*l»^-fe>-9— *fitx.^c*«.^J^ 

[HI 3] HI 2<o^z^='~trmm.xmm^ivx\^^i>m 
[1114] mmmxi'^mLfz:K\£>j^)vy'm^i^-t2> 

Sg^-fe>-9--OMRJt*F efflfiKJtx (CoFexOF 
eOm^Jt, at%) ff^m^tLXyoy hLfzi/'^y 

[HIS] ;^ev>'<;l'r«ji=£r^i-'i>«ia^-fe>-9— f> 
-?-<?35£mtt^JR® 5r«;®-r-6 C o F ex <0F e O^^Jt 
**2 6 a t %t?*^) <)C»WMRJk«-enlra?S»OK»i: L 
X-f tiy Y Lfzm^i&m±»mf$.X^i>o 

[HI 6] >«.ey>'<;v7*«^S-*1--£.fia[^-fe>'9---c, 
-e-«!*?Eai4^JR^^1f^-t^.C oF ex OF e<OfflfiftJt 
*»3 1 a t %-C*-& tO<7)MRlt«reniDm*W|l!iai: U 

[HI 71 >?.ev>'N*;wrif^Sr:fi-r-&sa^-t>-9-— 
-?-0®iS14^JSSS-fllBS;i--6C o F ex <OF e ojfflfiSJt 
**3 5 a t %r-*^ t WOMRJtSrenJ)DK8a<^M»i L 

[HI 8] xev>''?;w-rfflf^S:*-rajs$c-tv9— 

-5-<05*5S1*^JS^=^«^-r'5C 0 F ex OF ecOfflEE^ 
*M 0 a t %X'^Z>ii(0<DMR}timm^<om^t L 
Xfuy h \^fz^%WS}lMm^Xibi>^ 

[HI 91 ;^i^>/^;V'7'«^**-t-5)iaiFt-fcv-9— t?, 

•eoS^SJ-tt^JS^^tS^-f '5>C o F ex OF e OfflfiSit 
3J*5 1 a t ^jOOMRit^rEjlSom^OMiSi: L 

[H2 0] ;^t:'>^<;i.7'fl|jS^*i-*m^-t>-9— r% 
-5-03$mtt^JS^SrS^-r«.CoF ex OFeOmsKit 
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;i*5 7 a t i> ii (D<0MRitimmm<O^^t L * 1 0- 

m-^<Dm.m] 20- 

1 -^^-tv-y-- 3 0- 

2 -s^mia h y^j^m^i^U V 3 1 • 
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